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SUMMARY Fifty-eight subjects with echocardiographic criteria for an abnormal septal to left ventricular posterior wall ratio were studied. Echocardiographic findings were related to clinical cardiac status. Abnormal ratios were found in normal children and in children with a variety of cardiac lesions, only one of which was obstructive or non-C ASYMMETRIC SEPTAL HYPERTROPHY (ASH) has been defined as an interventricular septal (IVS) to left ventricular posterior wall (LVPW) ratio equal to or exceeding 1.3/1.1 Clark and coworkers found the excessive ratios in patients with idiopathic hypertrophic subaortic stenosis (IHSS) and in approximately 50% of their firstdegree relatives.'
To date, ASH has been related mainly to IHSS, although abnormal ratios have been described in adults with pulmonary vascular obstructive disease and right ventricular pressure overload. ' This investigation was undertaken to determine if the ratio criteria for ASH were specific for the IHSS syndrome in children.
Methods
The study population consisted of patients referred to the pediatric cardiology service at the University of Arizona Medical Center who had an abnormal, echocardiographically determined IVS/LVPW ratio according to the criteria of Henry and coworkers.' Subjects were examined echocardiographically with techniques similar to the T-scan method.' Studies were performed with a Smith-Kline Ekoline 20-A echocardiograph and a Honeywell 1856 strip chart recorder. Most children were examined with a 5 mHz nonfocused 1/4¼ transducer. The remainder, primarily premature and term newborns, were examined with a 7.5 mHz 1/4¼ transducer. Measurements of right ventricular anterior wall (RVAW), IVS, and LVPW were made in the plane of the posterior mitral valve leaflet (PMVL) at the onset of the electrocardiographic QRS complex.4' 5 7-10 This time boundary was chosen because of age-related lengthening of duration of systolic ejection time and QRS duration in children8' 1 Patients with an abnormal ratio were classified by their cardiac diagnosis, age, and family history of IHSS or ASH. Specific diagnostic categories included IHSS or familial ASH, normal, lesions mainly affecting the left side of the heart, lesions mainly affecting the right side of the heart, and complex or miscellaneous lesions. Diagnostic categories were subgrouped according to age: group I including patients less than one month old; group II, one month to one year; and group III, over one year of age. When familial cardiomyopathy was suspected, available family members were studied.
Results
Fifty-eight subjects met the criteria for abnormal IVS/LVPW ratios. Interobserver measurements were statistically similar at the 5% confidence level. The results in each diagnostic category are as follows:
Obstructive cardiomyopathy was diagnosed on the basis of physical examination and an echocardiogram showing systolic anterior motion of the mitral valve and asymmetric septal hypertrophy.1 Nonobstructive cardiomyopathy was diagnosed on the basis of echocardiographic asymmetric septal hypertrophy and the presence of IHSS or ASH in other first-degree family members.", 2 11 Nine children fell in this category. None of these patients was catheterized. Table 1 shows the data from children in this group. Adult family members are not included in the table. Twenty-one of 22 members of three complete families were evaluated echocardiographically. The other member was a 13-year-old who had autopsy-proven IHSS. Ten (45%) of the first-degree relatives had the obstructive or nonobstructive form of the myopathy. Affected parents included one father and two mothers. Additionally, three children of two other families are also included in table I but their family members were not available for echocardiographic study.
Right ventricular anterior wall thickness slightly exceeded the 95th percentile of normal for body surface area in seven of eight patients in this group in whom RVAW could be measured. All had IVS measurements greater than the 95th percentile but none had LVPW greater than the 95th percentile.8 Figure 1 shows examples of echocardiograms from children from this group who had familial ASH. 1.8 Thirty-one patients were classified into this group. A representative echocardiogram is shown in figure 3 . Table 3 shows patient data grouped according to diagnosis and age.
PATENT DUCTUS ARTERIOSUS PATIENTS
Septal thickness exceeded the 95th percentile of normal in four children (#2, #6, #7, and #8), and LVPW was normal6 8 in all. The children in group III had a thickened septum and an RVAW which slightly exceeded the 95th percentile. The RVAW was of normal caliber in group II children. The LVPW increased in thickness relatively more than did the septum in serially followed patients. This tended to bring the ratio toward normal.
VENTRICULAR SEPTAL DEFECT (VSD) PATIENTS
Mean ratio was relatively age independent for 11 patients with VSD. Mean septal measurements were 0.48, 0.49, and 0.84 cm, while concomitant LVPW measurements were 0.28, 0.33, and 0.54, respectively, for the three age groups. Eight of 17 echocardiograms of patients had septa thicker than the 95th percentile and six had RVAW thicker than the 95th percentile of normal.6-" Only one child had a thickened LVPW (#17) but she also had an abnormally thick septum and RVAW. Thus, this group was characterized by relatively thick septa and RVAW, and relatively thin LVPW.
OTHER LESIONS
Data are included in table 3 for patients with other lesions. There are too few children in each category to permit subdivision.
COMBINED DATA FOR CHILDREN WITH LESIONS AFFECTING MAINLY THE LEFT HEART
The ratio was age-independent for 31 children with lesions mainly affecting the left heart ( Eight patients formed this group. Figure 4 is an example of an echocardiogram from one of these patients. Details of measurements of these patients are grouped by diagnosis in table 5 and by age in table 6. All subjects had RVAW and IVS measurements exceeding normal.6`8 None had LVPW measurements exceeding normal. Mean ratios remained elevated in all age groups: 1.7 in group I, 1.5 in group II, and 2.0 in group III. Again, RVAW thickness was most closely associated with excessive septal thickness in this group.
E) Miscellaneous and Complex Lesions
Abnormal ratios were present in three patients with the following diagnoses (table 7): 1) pulmonary stenosis with atrial septal defect and PDA (1.7); 2) type II hyperlipidemia (1.4) , and 3) ventriculoatrial shunt for hydrocephalus (1.5). The 9-year-old boy with type II hyperlipidemia had an RVAW of 0.3 cm; IVS measurements exceeded the 95th percentile of normal in two of these patients (#2, #3).8 LVPW measurements were normal.
Increased Ratio and Normal RVAW in Patients without IHSS or Familial Cardiomyopathy
It was of interest to re-examine the data of these 28 patients who are listed in the previous diagnostic categories. attained normal ratios by two years of age. Right sided lesions 3 6 9 Age in months FIGURE other infants with congenital heart disease. All of the cardiomyopathy and one-half of the control patients had increased IVS/LVPW ratios. The ventricular septa of the cardiomyopathy patients were grossly thickened and showed microscopic cellular hypertrophy and disorganized myocardial cellular arrangement similar to that reported for IHSS patients. '13 In contrast, the septa of the non-IHSS patients with increased IVS/LVPW ratios had a different histologic appearance. Although gross thickening was present, microscopic cellular hypertrophy was of a lower magnitude, and the myocardial cellular arrangement was normal. They concluded that an abnoraml IVS/LVPW ratio in infants is not always indicative of the IHSS syndrome.
Our data show that IVS/LVPW ratios previously defined as abnormal" 2 occur in infants and young children without heart disease and in those with a variety of cardiac lesions not associated with obstructive or nonobstructive cardiomyopathy. Forty-nine children in the present report had increased IVS/LVPW ratios without the IHSS complex. Two major associations with increased ratio were found: age and RVAW thickness. Twenty-five children had thick RVAW, but only three had concomitant left ventricular hypertrophy. This is in accord with the data from adults. Goodman et al. 3 found nine adult patients with primary pulmonary hypertension and an increased ratio. None of his patients had abnormal LVPW thickness.
The other factor associated with an abnormally elevated ratio in our study was young age. None of the 205 normal children over six months of age had a ratio exceeding 1.3/1 5. 8 but six normal infants younger than six months of age in this present series had abnormal ratios. Serial study of these normal infants showed that the ratio decreased over time, two attaining normal ratios within the first year of life. Thirteen other serially-followed children with lesions mainly affecting the right or left heart also showed decrease with time in the IVS/LVPW ratio. The decrease in ratio was due to thinning of the IVS, thickening of the LVPW, or a combination of the two. No relationship could be drawn between either mode of ratio change and a specific diagnostic category.
Our data show that an abnormal IVS/LVPW ratio is not related solely to the IHSS complex, for it can occur in normal children and in those with various forms of heart disease. In most, but not all children, the increased ratio decreases with time. An abnormal ratio in a patient over the age of two years without cardiopulmonary disease is more suggestive of a hypertrophic form of myopathy than if the ratio occurs in younger children. Septal thickness normally increases with growth8 and may increase as the result of cardiac lesions. These factors also influence the thickness of the RVAW and LVPW. The ratio of the septum and LVPW is thus a function of many variables, only one of which is the presence of the IHSS complex.
